Introduction: In general, bistatic SAR uses a separated transmitter and receiver flying on different platforms. There are several advantages of this configuration. First, in military applications the vulnerability of the system is reduced, because the transmitter can be positioned far away, while the passive receiver is difficult to locate. Then the bistatic radar cross-section (RCS) differs from that of the monostatic case; for instance the RCS of stealth targets may be increased. Furthermore, if the transmitting system is additionally equipped with a receiving antenna, there are possibilities to look at the same scene from different aspect angles with advantages for imaging and for moving target detection. To the authors' knowledge, one of the first publications on bistatic SAR is from Ausherman et al. [1] in 1984. While in the 1990s bistatic SAR was not one of the main topics in the SAR community, in recent years interest has been increasing rapidly. Besides other European radar research institutes, such as the DLR and ONERA [2] , the FGAN also undertook a bistatic airborne experiment with its two SAR sensors PAMIR and AER-II last year. The experiments consisted of several flight configurations with bistatic angles from 13 up to 76 . To the authors' knowledge, these are the first experiments with such a large bistatic angle and a signal bandwidth of 300 MHz.
General bistatic geometry: We look at the geometrical situation as sketched in Fig. 1 . The position of the transmit antenna phase centre is denoted by R 1 (x), and that of the receiving antenna by R 2 (x) in a three-dimensional system. In the following, the index '1' refers to the transmitter platform, while the index '2' refers to the receiver platform and x parameterises the paths of the two antennas. A point scatterer is placed at the position r ¼ (x, y, z) t within the intersection of the transmit and receive antenna footprints. The (x, y)-plane is considered to be the local approximation of the earth's surface. The bistatic SAR principle provides two different kinds of resolution: first, the ground range resolution according to the measurement of bistatic range, and secondly the lateral resolution according to the measurement of the bistatic range slope, which means the derivative of the bistatic range history with respect to x. The bistatic range history at r is given by the sum of transmitter-to-target and receiver-to-target range with respect to x:
Ground range resolution: The calculation of the bistatic range resolution at the scattering point r will be performed in the direction of an arbitrary unit vector v. For this, the derivative of the bistatic range along the unit vector v with respect to the scalar r is given by @ @r Rðx; r þ rvÞ ¼ v t HRðx; rÞ ð 2Þ
where the gradient operator 8 is H (@=(@x), @=(@y), @=(@z)) t . The vector HR(x, r) can be expressed by making use of the so-called direction histories u i (x, r) or effective direction history u eff (x, r), respectively:
HRðx; rÞ ¼ Àðu 1 ðx; rÞ þ u 2 ðx; rÞÞ ¼ À2u eff ðx; rÞ ð 3Þ where the unit vectors u i (x; r) point from the scatterer to the platforms:
The resolution of a received pulse generally depends on the pulse form, the bandwidth and the weighting of the pulse spectrum. After pulse compression, the temporal resolution of the pulse at À4 dB with no spectral weighting is approximately dt ¼ 1=B, with B the pulse bandwidth. Now, we look for the increment dr, which defines the bistatic range resolution in the direction of v that causes an increase of the bistatic range of cdt, with c the velocity of light. Therefore, we have to solve the following equation for dr and have to put in (2):
This yields the range resolution in the direction of v:
The finest ground range resolution is achievable in the direction of G xy HR(x, r), where G xy ¼ I À zz t is the projector onto the (x, y)-plane, with I the identity matrix. The corresponding optimal unit vector is given by v opt ¼ G xy HRðx; rÞ jG xy HRðx; rÞj ð7Þ
After inserting v opt and HR(x; r) into (6) we get
Lateral resolution: The calculation of the lateral resolution is quite similar to the previous derivation. Once again we look for the resolution along an arbitrary unit vector w. Therefore, we calculate similar to (2) the derivative of the range-slope with respect to r:
The range-slope history is calculated by the derivative of (1) 
If we observe a point target over a path interval x int , the range-slope resolution can be approximated by
where R x ¼ @=(@x)R(x, r) and l is the wavelength. The lateral resolution dr in the direction of the vector w is achieved similar to (5) and (6) by
Similar to (7) the finest lateral resolution on the ground is available in the direction of w opt ¼ G xy Hð@=@xÞRðx; rÞ jG xy Hð@=@xÞRðx; rÞj ð15Þ
After inserting w opt and (11) into (14), the finest ground lateral resolution is given by
Experimental results: In November 2003 FGAN undertook a bistatic flight campaign. The transmitting sensor, AER-II, was placed on a Dornier Do-228 and the receiving sensor, PAMIR, on a Transall C-160 [3] [4] [5] . Both SAR sensors operate at X-band and their bandwidths coincide over a range of 300 MHz. Because of a large receiving window a synchronisation of the system oscillators was not necessary. In all flight configurations the two aircrafts flew on parallel tracks to achieve a sustained static formation for guaranteeing an overlap of the two antenna footprints on the ground. Primarily, the influence of the angle between transmitter, target and receiver, the socalled 'bistatic angle', was explored. For this purpose, the distance and the altitudes of the airplanes were adjusted in such a way that bistatic angles of 13, 29, 51 and 76 resulted. First, SAR images show the success of the bistatic flight campaign. The bistatic image in Fig. 2 was recorded with a bistatic angle of 29 . The altitude of the transmitter platform was 11 020 ft above mean sea level (MSL) with a boresight incidence angle of 30 , while the altitude of the receiver platform was 6100 ft (MSL) with an incidence angle of 59 , resulting in a bistatic angle of 29 . The resulting bistatic SAR image shows a part of an airfield with a runway at the top, some taxiways, bushes and two hangars. The finest ground range resolution is approximately 0.74 m and the lateral resolution in flight direction is approximately 0.35 m. To evaluate the bistatic image, an optical image of the same scene is included in Fig. 2 . Fig. 2 Bistatic SAR image and optical image from part of airfield Conclusions: A general description of the three-dimensional bistatic geometry is presented. Then a general method to calculate the ground range and lateral resolution is presented. Furthermore, the FGAN bistatic flight campaign with its two SAR sensors AER-II and PAMIR is outlined. Because of the large bistatic angles up to 76 , the high signal bandwidth of 300 MHz was necessary to achieve SAR images with reasonable range resolution. The first results demonstrate the possibility of SAR imaging with the illuminator and receiver on separated platforms even if there is no synchronisation between the two systems.
